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(QWHUREDFWHULDOLVRODWHVSURGXFLQJFODYXODQLFLQKLELWHGH[WHQGHGVSHFWUXPȕODFWDPDVHV
(6%/V DUH LQFUHDVLQJO\ VSUHDGLQJ LQ WKH FRPPXQLW\ DQG DUH RIWHQ UHVSRQVLEOH IRU
QRVRFRPLDO LQIHFWLRQV5DSLGELRFKHPLFDO WHVWVKDYHEHHQGHYHORSHGUHFHQWO\IRU WKHLU
GHWHFWLRQ7KUHHWHVWVQDPHO\WKH5DSLG(6%/1'3WHVWWKHȕ/DFWDWHVWDQGWKH5DSLG
(6%/6FUHHQKDYHEHHQ HYDOXDWHGZLWK D FROOHFWLRQRI ZHOOFKDUDFWHUL]HG VWUDLQV
LQFOXGLQJZLOGW\SHVWUDLQVVWUDLQVSURGXFLQJ(6%/VRYHUH[SUHVVHGFHSKDORVSRULQDVHV
DQGFDUEDSHQHPDVHV7KH(6%/1'3WHVWDQG WKH5DSLG(6%/6FUHHQDFRS\RI WKH
(6%/1'3WHVWDUHDLPHGWRGHWHFW(6%/SURGXFHUVZKLOHWKH/DFWDWHVWLVDLPHGWR
GHWHFW QRW RQO\ (6%/ SURGXFHUV EXW DOVR FHSKDORVSRULQDVH DQG FDUEDSHQHPDVH
SURGXFHUV7KHVHQVLWLYLW\DQGVSHFLILFLW\RIGHWHFWLRQRI(6%/SURGXFHUVQ ZHUH
DQGIRU WKH5DSLG(6%/1'3WHVWDQGDIWHUPLQDQG
DQGDIWHUKIRUWKH5DSLG(6%/6FUHHQDQGDQGIRUWKH/DFWDWHVW
9DULDEOHDQGWLPHFRQVXPLQJGHWHFWLRQXSWRKRI(6%/VE\WKH5DSLG(6%/6FUHHQ
DQG FRQFRPLWWDQW DQG YDULDEOH GHWHFWLRQ RI SURGXFHUV RI $PS& DQG VHYHUDO W\SH RI
FDUEDSHQHPDVHV FRUUHVSRQG WR VLJQLILFDQW VKRUWFRPLQJV IRU XVLQJ WKH 5DSLG 6FUHHQ
(6%/DQG/DFWDWHVWVUHVSHFWLYHO\
2
ht
tp
://
do
c.
re
ro
.c
h
,QWURGXFWLRQ
$FTXLUHGUHVLVWDQFHWREURDGVSHFWUXPFHSKDORVSRULQV LQEnterobacteriaceae LVPDLQO\
GXH WR SURGXFWLRQ RI FODYXODQLFDFLG LQKLELWHG H[WHQGHGVSHFWUXP ȕODFWDPDVHV
(6%/V ZKLFK KDYH H[WHQVLYHO\ GLVVHPLQDWHG ZRUOGZLGH  $ORQJ ZLWK
FDUEDSDQHPDVHSURGXFHUV(6%/SURGXFHUVUHSUHVHQWWKHPRVWLPSRUWDQWUHVLVWDQFHWUDLW
LQ Enterobacteriaceae LQ  7KH (XURSHDQ $QWLPLFURELDO 5HVLVWDQFH 6XUYHLOODQFH
6\VWHPQHWZRUN($561HW LQFOXGLQJWKLUW\(XURSHDQFRXQWULHVKDVUHSRUWHGLQ
WKH SUHYDOHQFH UDWHV RI QRQVXVFHSWLELOLW\ WR EURDGVSHFWUXP FHSKDORVSRULQV DPRQJ
LQYDVLYH HQWHUREDFWHULDO LVRODWHV
KWWSZZZHFGFHXURSDHXHQSXEOLFDWLRQV3XEOLFDWLRQVDQWLPLFURELDOUHVLVWDQFH
VXUYHLOODQFHHXURSHSGI 7KH SURSRUWLRQ RIEscherichia coli UHVLVWDQW WR EURDG
VSHFWUXP FHSKDORVSRULQV UDQJHG IURP  WR  GHSHQGLQJ RQ WKH FRXQWU\ ,Q
Klebsiella pneumoniae WKHSHUFHQWDJHRI UHVLVWDQFH WREURDGVSHFWUXPFHSKDORVSRULQV
VKRZHGDVLJQLILFDQWO\LQFUHDVHIURPLQWRLQHQFRPSDVVLQJ
WR  RI (6%/ SURGXFHUV ,Q WKH 86 WKH SHUFHQWDJH RI KHDOWKFDUHDVVRFLDWHG
LQIHFWLRQV FDXVHG E\ EURDGVSHFWUXP FHSKDORVSRULQUHVLVWDQW Enterobacteriaceae KDV
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EHHQ HVWLPDWHG WR EH  DQG  IRU E. coli DQG Klebsiella VSS UHVSHFWLYHO\
KWWSZZZFGFJRYGUXJUHVLVWDQFHWKUHDWUHSRUW 7KRVH (6%/SURGXFLQJ
EnterobacteriaceaeDUHLGHQWLILHGHLWKHUDVDVRXUFHRIKRVSLWDORUFRPPXQLW\DFTXLUHG
LQIHFWLRQV
5DSLG GHWHFWLRQ RI (6%/ SURGXFHUV LV WKHUHIRUH FUXFLDO LQ RUGHU WR SUHYHQW WKHLU
GLVVHPLQDWLRQ DQG IRUJXLGLQJ WKH WUHDWPHQWVRI LQIHFWHGSDWLHQWV6HYHUDOSKHQRW\SLF
WHFKQLTXHV DUH EDVHG RQ WKH LQKLELWLRQ RI WKH (6%/ DFWLYLW\ E\ FODYXODQLF DFLG RU
WD]REDFWDP 7KRVH WHFKQLTXHV UHTXLUH D SUHOLPLQDU\ JURZWK VWHS RI  KRXUV 
0ROHFXODUGHWHFWLRQRI(6%/HQFRGLQJJHQHVLVLQWHUHVWLQJEXWUHPDLQVFRVWO\UHTXLUHV
H[SHUWLVHDQGGRHVQRWGHWHFWDOOJHQHVHQFRGLQJHQ]\PHVH[KLELWLQJDQ(6%/DFWLYLW\
2WKHUWHFKQLTXHVVXFKDVPDWUL[DVVLVWHGODVHUGHVRUSWLRQLRQL]DWLRQWLPHRIÀLJKW
PDVV VSHFWURPHWU\ 0$/',72) 06  DUH EHLQJ GHYHORSHG EXW WKH\ GR UHTXLUH
DGGLWLRQDOPDWHULDODQGDVLJQLILFDQWGHJUHHRIH[SHUWLVH
5HFHQWO\ WZR UDSLG GLDJQRVWLF WHVWV KDYH EHHQ GHYHORSHG WR LGHQWLI\ HQWHUREDFWHULDO
VWUDLQVEHLQJUHVLVWDQWWREURDGVSHFWUXPFHSKDORVSRULQV7KH5DSLG(6%/1'3WHVW
ZKLFKLVEDVHGRQWKHGHWHFWLRQRIK\GURO\VLVRIWKHFHIRWD[LPHȕODFWDPULQJUHYHDOLQJ
WKH SURGXFWLRQ RI D EURDGVSHFWUXP ODFWDPDVH FRXSOHG ZLWK D WXEH FRQWDLQLQJ
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WD]REDFWDPVLJQLQJWKHOLNHO\(6%/SURGXFWLRQ$QRWKHUWHVWLVWKHȕ/DFWDWHVWEDVHG
RQWKHFOHDYDJHRIDFKURPRJHQLFFHSKDORVSRULQ+05=%LR5DG0DUQHVOD
&RTXHWWH)UDQFH ,W LV FODLPHG WKDW WKLV WHVWGHWHFWVDQ\DFWLYLW\ WKDWPD\ OHDG WR WKH
K\GURO\VLV RI EURDGVSHFWUXP FHSKDORVSRULQV VXFK DV (6%/V RYHUSURGXFWLRQ RI
FHSKDORVSRULQDVHV DQG FDUEDSHQHPDVHV RI WKH .3& DQG PHWDOORODFWDPDVH W\SHV
ZLWKRXW GLVWLQFWLRQ EHWZHHQ WKRVH PHFKDQLVPV RI UHVLVWDQFH )LQDOO\ D FRPPHUFLDO
DGDSWDWLRQRIWKH5DSLG(6%/1'3WHVWQRWYDOLGDWHGE\WKHLQYHQWRUVRIWKHRULJLQDO
5DSLG(6%/1'3WHVWQDPHG5DSLG(6%/6FUHHQ.LW5RVFR'LDJQRVWLFD$6
7DDVWUXS'HQPDUNKDVEHHQGHYHORSHG
6HYHUDO DXWKRUV KDYH UHSRUWHG YDULDEOH UHVXOWV XVLQJ WKRVH WKUHH ELRFKHPLFDO WHVWV EXW
XVLQJGLIIHUHQWFROOHFWLRQVRIVWUDLQVZKLFKUHVLVWDQFHPHFKDQLVPVZHUH LQVRPHFDVHV
HYHQQRW LGHQWLILHG7KH DLPRI WKLV VWXG\ZDV WR FRPSDUH WKRVH WKUHH WHVWV XVLQJ WKH
H[DFWVDPHFROOHFWLRQRIVWUDLQVSRVVHVVLQJZHOOFKDUDFWHUL]HGUHVLVWDQFHPHFKDQLVPV
0DWHULDOVDQG0HWKRGV
6WUDLQFROOHFWLRQ$WRWDORIFOLQLFDO HQWHUREDFWHULDO LVRODWHVZHUH LQFOXGHG
LQWKLVVWXG\7KH\ZHUHIURPZRUOGZLGHRULJLQDQGKDGEHHQUHFRYHUHGIURPGLIIHUHQW
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W\SHVRIFOLQLFDOVSHFLPHQV7KLVFROOHFWLRQLQFOXGHGLVRODWHVSURGXFLQJWKHPDLQ(6%/
W\SHV&7;07(06+93(5*(6Q DQGDOVRLVRODWHVVKRZLQJUHVLVWDQFH
WR EURDGVSHFWUXP FHSKDORVSRULQV GXH WR RWKHUPHFKDQLVPV VXFK DV SODVPLGHQFRGHG
$PS&W\SHȕODFWDPDVHVRURYHUSURGXFHGFKURPRVRPDO$PS&6RPHVWUDLQVZHUHDOVR
WHVWHG DV QHJDWLYH FRQWUROV LQFOXGLQJ VWUDLQV SURGXFLQJ ȕODFWDPDVHV ZLWK D QDUURZ
VSHFWUXPDFWLYLW\DQGZLOGW\SHVWUDLQVQ 6RPHFDUEDSHQHPDVHSURGXFHUV Q 
ZHUHDOVRLQFOXGHGLQWKHVWXG\$OOLVRODWHVKDGEHHQSUHYLRXVO\FKDUDFWHUL]HGDWWKH
PROHFXODU OHYHO WR LGHQWLI\ WKH GLIIHUHQW PHFKDQLVPV UHVSRQVLEOH IRU UHVLVWDQFH WR ȕ
ODFWDPDQWLELRWLFV,QDGGLWLRQWKH\ZHUHDOOFORQDOO\XQUHODWHGDFFRUGLQJWRSXOVHGILHOG
JHO HOHFWURSKRUHVLV GDWD QRW VKRZQ 7KH\ ZHUH FXOWXUHG RQWR 0XHOOHU+LQWRQ DJDU
SODWHVDQGLQFXEDWHGIRUWRKRXUVDW&7HVWVZHUHLQWHUSUHWHGEOLQGO\E\WKUHH
SHUVRQVIURPRXUODE
5DSLG(6%/1'3WHVW7KH5DSLG(6%/1'3WHVWZDVSHUIRUPHGDVGHVFULEHG
$VLQJOH IXOOOFDOLEUDWHG ORRSRIEDFWHULDO FRORQLHVVWXGLHGZDVVXVSHQGHG LQ
WKH O\VLV EXIIHU %3(5,, %DFWHULDO 3URWHLQ ([WUDFWLRQ 5HDJHQW 3LHUFH7KHUPR
6FLHQWLILF 9LOOHERQVXU<YHWWH )UDQFH DQG GLVSRVHG LQ WKUHH PO GLIIHUHQW
(SSHQGRUI WXEHV $%&7HQȝO RI D FRQFHQWUDWHG WD]REDFWDP VROXWLRQ JPO
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ZHUHDGGHG WR WXEH&7KHQȝORI WKH UHYHDOLQJVROXWLRQFRQWDLQLQJS+ LQGLFDWRU
SKHQROUHGZHUHDGGHGLQWXEH$DQGȝORIWKHVDPHVROXWLRQVXSSOHPHQWHGZLWK
FHIRWD[LPHJPOZHUHDGGHGLQWXEHV%DQG&7KHWKUHHWXEHVZHUHLQFXEDWHGDW
& IRU PLQ5HVXOWVZHUH FRQVLGHUHGQHJDWLYHZKHQ DOO WXEHVZHUH UHG DQG WKXV
LQWHUSUHWHGDVQRQ(6%/VWUDLQV:KHQWXEH%ZDV\HOORZRUDQJHDQGERWKWXEHV$DQG
&ZHUHUHGWKHWHVWZDVFRQVLGHUHGDVSRVLWLYH(6%/SURGXFLQJLVRODWH:KHQWXEH$
WXUQHGWR\HOORZUHGWKHWHVWZDVFRQVLGHUHGDVQRQQRQLQWHUSUHWDEOHUHJDUGOHVVRIDQ\
FRORUFKDQJHIRUWXEHV%DQG&
ȕ/DFWD WHVW 7KH ȕ/DFWD WHVW %LR5DG 0DUQHV OD &RTXHWWH )UDQFH ZDV
SHUIRUPHG DFFRUGLQJ WR WKHPDQXIDFWXUHU LQVWUXFWLRQV$ VLQJOH O ORRS RI EDFWHULDO
FRORQLHVVWXGLHGZDVSXWLQWRDPLFURWXEHZLWKDGURSRIUHDJHQW5DQGZLWKDGURSRI
UHDJHQW50LFURWXEHVZHUHOHIWDWDPELHQWWHPSHUDWXUHDQGUHDGLQJRIWKHUHVXOWVZDV
SHUIRUPHG YLVXDOO\ZLWKLQ PLQ 1R FKDQJH LQ FRORU ZDV FRQVLGHUHG DV D QHJDWLYH
UHVXOW QR K\GURO\VLV RI +05= FRORU FKDQJH WR SXUSOHUHG ZDV FRQVLGHUHG DV
SRVLWLYHDQGFRORUFKDQJHWRRUDQJHZDVFRQVLGHUHGDVQRQLQWHUSUHWDEOH
5DSLG (6%/ 6FUHHQ .LW  7KH 5DSLG (6%/ 6FUHHQ .LW  ZDV
SHUIRUPHGDFFRUGLQJWRWKHPDQXIDFWXUHULQGLFDWLRQV5RVFR'LDJQRVWLFD$[RQODE$*
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%DGHQ 6ZLW]HUODQG 6HYHUDO O ORRSV RI HDFK VWUDLQZHUH DGGHG WR  ȝO RI O\VLV
EXIIHU %3(5,, LQFXEDWHG DW URRP WHPSHUDWXUH IRU  PLQ DQG WKHQ  ȝO RI WKLV
VXVSHQVLRQZDV GLOXWHG LQ D WXEHZLWK  ȝO RI D  VRGLXP FKORULGH VROXWLRQ$
WDEOHWRIFHIRWD[LPHLQGLFDWRUZDVDGGHGLQWKHWXEH7KHVDPHSURFHVVZDVUHSHDWHG
XVLQJ WKH WDEOHW FHIRWD[LPH WD]REDFWDP LQGLFDWRU7XEHVZHUH LQFXEDWHG DW &
IURPPLQXQWLOKRXUVDQGUHVXOWVLQWHUSUHWHGDVIROORZVLFHIRWD[LPHLQGLFDWRU
WXUQLQJ \HOORZ DQG FHIRWD[LPH  WD]REDFWDP  LQGLFDWRU UHPDLQLQJ UHG WKH WHVW ZDV
FRQVLGHUHGSRVLWLYHIRU(6%/LLFHIRWD[LPHLQGLFDWRUWXUQLQJ\HOORZDQGFHIRWD[LPH
 WD]REDFWDP  LQGLFDWRU DOVR WXUQLQJ \HOORZ WKH WHVW ZDV FRQVLGHUHG QHJDWLYH IRU
(6%/SURGXFWLRQEXWOLNHO\SRVLWLYHIRUDQRWKHUW\SHRIODFWDPDVHLLLLIERWKWXEHV
UHPDLQLQJUHGWKHWHVWZDVFRQVLGHUHGQHJDWLYHIRU(6%/SURGXFWLRQ
6HQVLWLYLWLHVDQGVSHFLILFLWLHVZHUHFDOFXODWHGIRUHDFK WHVW$QRQLQWHUSUHWDEOH
UHVXOWZDVLQFOXGHGDVDQHJDWLYHUHVXOW
5HVXOWV
(YDOXDWLRQRIWKH5DSLG(6%/1'3WHVW%\XVLQJWKH5DSLG(6%/1'3WHVW
ZLWK DOO &7;0 SURGXFHUV DOO WXEHV WXUQHG IURP UHG WR \HOORZ LQ SUHVHQFH RI
8
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FHIRWD[LPH DQG UHPDLQHG UHG LQ SUHVHQFH RI FHIRWD[LPH DQG WD]REDFWDP WKHUHIRUH
VHQVLWLYLW\RIWKHWHVWZDVIRUGHWHFWLRQRI(6%/SURGXFWLRQRQWKDWFROOHFWLRQRI
(6%/ SURGXFHUV 7DEOH  7KH JOREDO VHQVLWLYLW\ RI WKH WHVW IRU GHWHFWLRQ RI (6%/
SURGXFWLRQZDV$VH[SHFWHGWKHWHVWUHPDLQHGQHJDWLYHZLWKDOOZLOGW\SH
VWUDLQV DQG IRU DOO VWUDLQV H[SUHVVLQJ ȕODFWDPDVHVZLWK D QDUURZ VSHFWUXPRI DFWLYLW\
7DEOH
ȕ/DFWDWHVW8VLQJWKHȕ/DFWDWHVWDOOH[FHSWWZR&7;0SURGXFHUV&7;0
SURGXFLQJ Proteus mirabilis &7;0SURGXFLQJ E. coli DQG WZR QRQ (6%/
SURGXFHUV7(0SRVLWLYHE. coliDQG7(0SRVLWLYHE. coliZHUHIRXQGSRVLWLYH
,Q DGGLWLRQ D \HOORZWRRUDQJH FRORU FKDQJH ZDV REVHUYHG IRU WKUHH LVRODWHV WKXV
FRUUHVSRQGLQJWRQRQLQWHUSUHWDEOHUHVXOWV7KHUHIRUHVHQVLWLYLW\RIGHWHFWLRQRI&7;0
SURGXFHUV ZDV RI  7DEOH  7KH VHQVLWLYLW\ RI GHWHFWLRQ RI QRQ&7;0 (6%/
SURGXFHUVZDV ORZHU  DQG WKH RYHUDOO VHQVLWLYLW\ IRU DQ\ W\SH RI(6%/ZDV RI
1RWLFHDEO\QRFRORUFKDQJHZDVREVHUYHGZKHQZLOGW\SHDQGQDUURZVSHFWUXP
ȕODFWDPDVHSURGXFLQJLVRODWHVZHUHWHVWHG7DEOH
7KH /DFWD WHVW LV DLPHG WR GHWHFW DOVR FHSKDORVSRULQDVH RYHUSURGXFHUV DQG
FDUEDSHQHPDVHV RI WKH.3& W\SH WRJHWKHUZLWKPHWDOORODFWDPDVHV+HUH RQO\ IRXU
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RXW RI IRXUWHHQ $PS& RYHUSURGXFHUV ZHUH GHWHFWHG DQG RQO\ IRXU RXW RI HLJKW
FDUEDSHQHPDVHSURGXFHUVZLWK2;$SURGXFHUVVXSSRVHGWREHQRWGHWHFWHG7DEOH
7KHUHIRUHWKHVHQVLWLYLW\RIGHWHFWLRQZDVORZLQERWKWKRVHFDVHV
5DSLG(6%/6FUHHQ.LW5RVFRWHVW7HVWUHVXOWVZHUHLQWHUSUHWHGDIWHU
WKLUW\PLQXWHVRILQFXEDWLRQDQGXQWLOWZRKRXUVDFFRUGLQJWRPDQXIDFWXUHULQVWUXFWLRQV
$IWHU PLQ QR FRORU FKDQJHZDV REVHUYHG IRU VL[&7;0 DQG VHYHQ QRQ&7;0
(6%/ SURGXFHUV UHVSHFWLYHO\ 7DEOHV  DQG  OHDGLQJ WR D VHQVLWLYLW\ RI  DQG
 UHVSHFWLYHO\ DQG DJOREDO VHQVLWLYLW\ IRU(6%/GHWHFWLRQ RI$OOZLOGW\SH
DQG QDUURZVSHFWUXP ȕODFWDPDVHSURGXFLQJ VWUDLQV JDYH D QHJDWLYH UHVXOW 7DEOH 
+RZHYHUZKHQWXEHVZHUHLQFXEDWHGXSWRKRXUVVHQVLWLYLW\IRUGHWHFWLRQRI&7;0
DQGQRQ&7;0(6%/SURGXFHUVUHDFKHGYDOXHVRIDQGUHVSHFWLYHO\
RIJOREDOVHQVLWLYLW\IRU(6%/GHWHFWLRQEXWWKHVSHFLILW\ZDVORZHUHGWKUHHZLOGW\SH
RUQDUURZVSHFWUXPȕODFWDPDVHSURGXFLQJVWUDLQVJDYHDIDOVHSRVLWLYHUHVXOW7DEOHV
 DQG7KH VSHFLILFLWLHVRI WKH WHVW DIWHU PLQXWHV DQG KRXUVZHUHRIDQG
UHVSHFWLYHO\7DEOH
'LVFXVVLRQ
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7KLV VWXG\ VKRZHG WKDW WKH VHQVLWLYLW\RIGHWHFWLRQRI WKH WKUHH WHVWVZDVJRRG IRU DOO
&7;0SURGXFHUVDOWKRXJKWKH5DSLG(6%/1'3WHVWZDVWKHRQO\WHVWEHLQJDEOHWR
IODJ DW  WKH &7;0 SURGXFHUV 7KH JOREDO VHQVLWLYLW\ RI DQ\ NLQG RI (6%/
SURGXFHU YDULHG IURP  IRU WKH5DSLG(6%/6FUHHQ WHVW UHDGLQJ DIWHU PLQ WR
IRUWKH5DSLG(6%/1'3WHVW3DUWLDOODFNRIGHWHFWLRQRI(6%/SURGXFLQJLVRODWHV
EHLQJ QRW &7;0 SURGXFHUV H[SODLQV VRPH GLVFUHSDQFLHV SXEOLVKHG UHJDUGLQJ WKH
SRWHQFLHV RI WKH WHVWV    7KH5DSLG(6%/1'3 WHVW DQG WKH5DSLG(6%/
6FUHHQ.LW  WHVW DUH QRW GHVLJQHG WR GHWHFW SODVPLGPHGLDWHG DQG FKURPRVRPDO
RYHUSURGXFHUV RI $PS& 7KH /DFWD WHVW ZKLFK LV DLPHG WR GHWHFW WKRVH $PS&
RYHUSURGXFHUV IDLOHG WR GHWHFW WKRVH VWUDLQV LQ  RI WKH FDVHV 6LPLODU IDLOXUH RI
GHWHFWLRQ KDV EHHQ UHSRUWHG E\0RURVLQL HW DO  7KH RYHUDOO VSHFLILFLW\ RI WKH 
/DFWDWHVWWRGHWHFW(6%/SURGXFHUVZDVPXFKORZHUWKDQWKDWRIWKH5DSLG(6%/1'3
WHVWVLQFHLWDOVRSDUWLDOO\GHWHFWV$PS&SURGXFHUVDQGVHYHUDOW\SHVRIFDUEDSHQHPDVH
SURGXFHUV,QGHHGWKH/DFWDWHVWLVDOVRDLPHGWRGHWHFWSURGXFWLRQRIFDUEDSHQHPDVHV
RI WKH.3&DQGPHWDOORHQ]\PH W\SHV'DWD REWDLQHG WKURXJK WKLV FRPSDUDWLYH VWXG\
VKRZHG WKDW.3&SURGXFHUV DUHZHOO GHWHFWHG EXW QRWPHWDOORODFWDPDVH SURGXFHUV
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,QFRPSOHWHGHWHFWLRQRI$PS&RUFDUEDSHQHPDVHSURGXFHUVPLJKWWKHUHIRUHEHDVRXUFH
RIFRQIXVLRQZKHQXVLQJWKH/DFWDWHVW
)URPDWHFKQLFDOSRLQWRIYLHZLWPXVWEHKLJKOLJKWHGWKDWWKHEHVWUHVXOWVIRUGHWHFWLRQ
RI (6%/ SURGXFHUV E\ XVLQJ WKH 5DSLG (6%/ 6FUHHQ ZHUH REWDLQHG DIWHU K RI
LQFXEDWLRQ7KLVLQFXEDWLRQWLPHGRHVQRWPDNHWKHWHVWDVUDSLGDVWKH(6%/1'3WHVW
RU WKH /DFWD WHVWZKLFK UHVXOWV DUH REWDLQHGZLWKLQ PLQ ,Q DGGLWLRQ SURORQJHG
LQFXEDWLRQRI WKH5DSLG(6%/6FUHHQ WHVW JHQHUDWHG IDOVHSRVLWLYH UHVXOWV ,W LV OLNHO\
WKDWWKHZHDNSRVLWLYHUHVXOWVREWDLQHGVHYHUDOWLPHVDIWHUWKHILUVWUHDGLQJWLPHPLQ
PD\ EH DVVRFLDWHG WR ZHDN GLVVROXWLRQ RI WKH WDEOHWV :HDN SRVLWLYH UHVXOWV ZHUH
VRPHWLPHVGLIILFXOWWRLQWHUSUHWDWWKHILUVWWLPHSRLQWPLQE\XVLQJWKH5DSLG(6%/
6FUHHQWHVWSUREDEO\EHFDXVHRIWKHSRRUGLVVROXWLRQRIWKHWDEOHW5HJDUGLQJWKHȕ/DFWD
WHVWLQWHUSUHWLQJDQ\FRORUFKDQJHDVDSRVLWLYHUHVXOWPLJKWDOVRLQFUHDVHWKHVHQVLWLYLW\
EXWFRQYHUVHO\WKHVSHFLILW\PLJKWEHDIIHFWHG
1RWLFHDEO\ERWKWKHȕ/DFWDDQGWKH5DSLG(6%/6FUHHQ.LWWHVWVGRQRWLQFOXGH
DQ\LQWHUQDOFRQWUROZHOOWKDWZRXOGEHIUHHRIDQWLELRWLF:HEHOLHYHWKDWWKLVLVDPDMRU
VKRUWFRPLQJZKHQFRPSDULQJZLWK WKH5DSLG(6%/1'3VLQFHVXFKFRQWURODOORZVD
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EHWWHUDSSUHFLDWLRQRIWKHFRORUFKDQJHHVSHFLDOO\IRUZHDNSRVLWLYHVWUDLQVDQGDOORZV
WRGHWHFWSRVVLEOHIDOVHSRVLWLYHUHVXOWVGXHWRQRQVSHFLILFUHDFWLRQV
$VRSSRVHGWRWKH5DSLG(6%/1'3WHVWWKDWGRHVQRWPLVLGHQWLI\D.3&SURGXFHUDV
DQ(6%/ SURGXFHU WKH /DFWD WHVW FDQQRW GLIIHUHQWLDWH EHWZHHQ.3& SURGXFHUV DQG
(6%/SURGXFHUV7KLVIHDWXUHPD\EHLPSRUWDQWLQFRXQWULHVZLWKKLJKSUHYDOHQFHUDWHV
RI.3&SURGXFHUVVXFKDVWKH86&DQDGD&RORPELD,WDO\DQG,VUDHO
$VDFRQFOXVLRQDQGHYHQWKRXJKDOOWHVWVHYDOXDWHGKHUHRYHUDOOSHUIRUPHGZHOOIRUWKH
GHWHFWLRQRI(6%/SURGXFHUV KLJKHU SHUIRPDQFHV DUHREWDLQHGZLWK WKH5DSLG(6%/
1'3WHVW2QHPDLQGLVDGYDQWDJHRIWKH/DFWDWHVWLVDODFNRIVSHFLILFLW\ZLWK$PS&
DQGFDUEDSHQHPDVHSURGXFHUV7KH5DSLG(6%/6FUHHQWHVWZKLFKLVDFWXDOO\DFRS\RI
WKH5DSLG(6%/1'3WHVWKDVPXFKSRRUHUSHUIRUPDQFHV$OVRLWUHTXLUHVDGGLWLRQDO
GHOD\KYHUVXVPLQIRUUHDGLQJWKDWPD\EHFRQVLGHUHGDVVLJQLILFDQWIRUSDWLHQW
PDQDJHPHQW DQG DQWLELRWLF VWHZDUGVKLS )LQDOO\ ZH EHOLHYH WKDW XVH RI UDSLG
ELRFKHPLFDOWHVWVIRUGHWHFWLRQRI(6%/SURGXFHUVIURPFOLQLFDOVLWHVZLOOEHDQ
DOWHUQDWLYH WR PROHFXODU WHFKQLTXHV VLQFH WKH\ DUH HDV\ WR EH LPSOHPHQWHG DUH
DIIRUGDEOHDQGPD\GHWHFWDQ\NLQGRI(6%/V
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$&.12:/('*(0(176
7KLVZRUNZDVVXSSRUWHGE\WKH8QLYHUVLW\RI)ULERXUJ)ULERXUJ6ZLW]HUODQG
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5HIHUHQFHV
 3LWRXW -' /DXSODQG .%  ([WHQGHGVSHFWUXP ODFWDPDVHSURGXFLQJ
Enterobacteriaceae DQ HPHUJLQJ SXEOLFKHDOWK FRQFHUQ /DQFHW ,QIHFW 'LV

 5RGULJXH]%DQR - 1DYDUUR 0'  ([WHQGHGVSHFWUXP ODFWDPDVHV LQ
DPEXODWRU\FDUHDFOLQLFDOSHUVSHFWLYH&OLQ0LFURELRO,QIHFW6XSSO

 *D]LQ03DDVFK)*RRVVHQV+0DOKRWUD.XPDU6&XUUHQWWUHQGVLQ
FXOWXUHEDVHG DQG PROHFXODU GHWHFWLRQ RI H[WHQGHGVSHFWUXPȕODFWDPDVH
KDUERULQJ DQG FDUEDSHQHPUHVLVWDQW Enterobacteriaceae -RXUQDO RI &OLQLFDO
0LFURELRORJ\
 1LMKXLV 5 YDQ =ZHW $ 6WXDUW -& :HLMHUV 7 6DYHONRXO 3  5DSLG
PROHFXODU GHWHFWLRQ RI H[WHQGHGVSHFWUXP ȕODFWDPDVH JHQH YDULDQWV ZLWK D
QRYHOOLJDWLRQPHGLDWHGUHDOWLPH3&5-0HG0LFURELRO
 )XMLWD6<RVL]DNL.2JXVKL78HFKL.7DNHPRUL<6HQGD<5DSLG
LGHQWLILFDWLRQ RI *UDPQHJDWLYH EDFWHULD ZLWK DQG ZLWKRXW &7;0 H[WHQGHG
VSHFWUXPȕODFWDPDVH IURPSRVLWLYH EORRG FXOWXUHERWWOHVE\3&5 IROORZHGE\
PLFURFKLSJHOHOHFWURSKRUHVLV-&OLQ0LFURELRO
 6SDUELHU.6FKXEHUW6:HOOHU8%RRJHQ&.RVWU]HZD00DWUL[
DVVLVWHG ODVHU GHVRUSWLRQ LRQL]DWLRQWLPH RI IOLJKW PDVV VSHFWURPHWU\EDVHG
IXQFWLRQDODVVD\IRUUDSLGGHWHFWLRQRIUHVLVWDQFHDJDLQVWȕODFWDPDQWLELRWLFV-
&OLQ0LFURELRO
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 1RUGPDQQ3'RUWHW/3RLUHO/5DSLGGHWHFWLRQRIH[WHQGHGVSHFWUXP
ȕODFWDPDVHSURGXFLQJEnterobacteriaceae-&OLQ0LFURELRO
 5HQYRLVp$'HFUp'$PDUV\*XHUOH5+XDQJ7' -RVW& 3RGJODMHQ ,
5DVNLQH/*HQHO1%RJDHUWV3-DUOLHU9$UOHW*(YDOXDWLRQRIWKH
ȕ/DFWD7HVWDUDSLGWHVWGHWHFWLQJUHVLVWDQFHWRWKLUGJHQHUDWLRQFHSKDORVSRULQV
LQFOLQLFDOVWUDLQVRIEnterobacteriaceae-&OLQ0LFURELRO
 +DQDNL + .XER 5 1DNDQR 7 .XULKDUD 0 6XQDJDZD . 
&KDUDFWHUL]DWLRQ RI +05= D QRYHO FKURPRJHQLF FHSKDORVSRULQ IRU WKH
GHWHFWLRQ RI H[WHQGHGVSHFWUXP ODFWDPDVHV - $QWLPLFURE &KHPRWKHU

'RUWHW/3RLUHO/1RUGPDQQ35DSLGGHWHFWLRQRIH[WHQGHGVSHFWUXP
ȕODFWDPDVHSURGXFLQJ Enterobacteriaceae IURP XULQH VDPSOHV E\ XVH RI WKH
(6%/1'3WHVW-&OLQ0LFURELRO
*DOODK 6 'HFUp ' *HQHO 1 $UOHW *  7KH ȕ/DFWD WHVW IRU GLUHFW
GHWHFWLRQ RI H[WHQGHGVSHFWUXPȕODFWDPDVHSURGXFLQJ Enterobacteriaceae LQ
XULQH-&OLQ0LFURELRO
0RURVLQL 0, *DUFtD&DVWLOOR 0 7DWR 0 *LMyQ ' 9DOYHUGH $ 5XL]
*DUEDMRVD 3 &DQWyQ 5  5DSLG GHWHFWLRQ RI ȕODFWDPDVHK\GURO\]LQJ
H[WHQGHGVSHFWUXP FHSKDORVSRULQV LQ Enterobacteriaceae E\ XVH RI WKH QHZ
FKURPRJHQLFȕ/DFWDWHVW-&OLQ0LFURELRO
'RUWHW/3RLUHO/1RUGPDQQ35DSLGGHWHFWLRQRI(6%/SURGXFLQJ
EnterobacteriaceaeLQEORRGFXOWXUHV(PHUJ,QIHFW'LV
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'RUWHW/3RLUHO/1RUGPDQQ35DSLGGHWHFWLRQRIH[WHQGHGVSHFWUXP
ȕODFWDPDVHSURGXFLQJ Enterobacteriaceae IURP XULQH VDPSOHV E\ XVH RI WKH
(6%/1'3WHVW-&OLQ0LFURELRO

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7$%/('HWHFWLRQRIH[WHQGHGVSHFWUXPȕODFWDPDVHSURGXFLQJLVRODWHVXVLQJGLIIHUHQWWHVWV
  No. of 
isolates 
Rapid ESBL NDP test ȕ-Lacta test ROSCO ESBL test 30 min. ROSCO ESBL test 2 h. 
ESBL type Species CTX
CTX + 
TZB ITa HMRZ-86 CTX 
CTX + 
TZB ITa CTX 
CTX + 
TZB ITa
CTX-M-1 E. coli 1 + - + + + - + + - + 
P. mirabilis 1 + - + + + - + + - + 
S. enterica 1 + - + + + - + + - + 
CTX-M-2 E. coli 1 + - + + + - + + - + 
K. pneumoniae 1 + - + + + - + + - + 
P. mirabilis 1 + - + + + - + + - + 
CTX-M-3 E. aerogenes 1 + - + + + - + + - + 
E. coli 1 + - + + + - + + - + 
CTX-M-10 E. coli 1 + - + NI - - - + - + 
CTX-M-14 E. coli 2 + - + + + - + + - + 
K. oxytoca 1 + - + + + - + + - + 
CTX-M-15 C. freundii 1 + - + + + - + + - + 
E. coli 5 + - + + + - + + - + 
E. coli 2 + - + + - - - + - + 
E. coli 1 + - + + - - - - - -
K. pneumoniae 3 + - + + + - + + - + 
M. morganii 1 + - + + + - + + - + 
P. mirabilis 1 + - + - - - - - - -
CTX-M-18 E. coli 2 + - + + + - + + - + 
K. pneumoniae 1 + - + + + - + + - + 
CTX-M-19 K. pneumoniae 1 + - + + + - + + - + 
CTX-M-32 E. coli 3 + - + + + - + + - + 
CTX-M-37 E. coli 1 + - + - - - - + - + 
K. pneumoniae 1 + - + + + - + + - + 
           
TEM-3 E. coli 1 + - + + - - - - - -
TEM-12 E. coli 1 - - - - - - - - - -
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TEM-24 E. coli 1 - - - - - - - - - -
TEM-52 K. oxytoca 1 + - + + + - + + - + 
K. pneumoniae 5 + - + + + - + + - + 
SHV-2 E. coli 1 + - + + + - + + - + 
SHV-5 K. pneumoniae 1 - - - + - - - + - + 
SHV-9 S. enterica 1 + - + + - - - + - + 
SHV-12 E. coli 3 + - + + + - + + - + 
E. coli 1 - - - + - - - + - + 
E. aerogenes 2 + - + + + - + + - + 
GES-1 K. pneumoniae 1 + - + NI - - - + - + 
GES-5 E. cloacae 1 + - + NI + - + + - + 
PER-1 E. cloacae 3 + - + + + - + + - + 
PER-1 P. mirabilis 1 + - + + + - + + - + 
PER-1 S. enterica 1 + - + + + - + + - + 
+, color change from red to yellow/orange for the Rapid ESBL NDP test; -, no color change; +, hydrolysis of HMRZ-86 for the ß-Lacta test; NI, not interpretable (color change to orange) 
*An overall positive Rapid ESBL NDP test corresponds to a positive result for CTX hydrolysis and a negative result when tazobactam is added. 
aIT; interpretation of the test 
bThe ß-Lacta test is aimed to detect the activity of all broad-spectrum cephalosporinases 
Shaded symbols highlight the non-expected results 
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TABLE 2. Detection of non-ESBL-producing isolates using different tests*
Phenotype of ȕ-lactam 
resistance
 
No. of 
isolates 
Rapid ESBL NDP test ȕ-Lacta testb ROSCO ESBL test 30 min. ROSCO ESBL test 2 h. 
ȕ-Lactamase Species CTX 
CTX + 
TZB ITa HMRZ-86 CTX CTX + TZB ITa CTX 
CTX + 
TZB ITa
No resistance Wild type E. coli 9 - - - - - - - - - -
E. coli 1 - - - - - - - + - +
Penicillinase TEM-1 E. coli 3 - - - - - - - - - - 
OXA-1 E. coli 2 - - - - - - - + - +
Wild type K. pneumoniae 2 - - - - - - - - - - 
IRT-2 K. pneumoniae 1 - - - - - - - - - - 
PSE-1 S. enterica 1 - - - - - - - - - - 
Chromosome-encoded 
cephalosporinase 
Wild type E. cloacae 3 - - - - - - - - - - 
Wild type M. morganii 1 - - - - - - - - - -
 Narrow AmpC E. coli 1 - - - - - - - - - -
Acquired 
cephalosporinase 
DHA-1 E. coli 2 - - - - - - - - - -
K. pneumoniae 1 + + - - + + - + + - 
 DHA-2 K. pneumoniae 1 + + - + - - - - - -
ACC-1 E. coli 1 + + - + + + - + + -
P. mirabilis 1 + + - + + + - + + - 
 CMY-2 E. coli 1 + + - - + + - + + -
K. pneumoniae 1 - - - - + + - + + -
P. mirabilis 1 - - - - - - - - - -
P. vulgaris 1 - - - - - - - - - -
 FOX-5 K. pneumoniae 1 - - - + - - - - - -
Overexpressed 
chromosome-encoded  
cephalosporinase 
C. freundii 1 + + - NI - - - - - -
E. coli 1 - - - - - - - - - -
E. cloacae 1 - - - - - - - - - -
Carbapenemase 
producers 
KPC-2 E. coli 1 + + - + + - + + - +
K. pneumoniae 1 + + - + + - + + - +
S. marcescens 1 + + - + + - + + - +
 NDM-1 E. cloacae 1 + + - + + + - + + -
P. mirabilis 1 - - - - - - - - - -
 NDM-4 E. coli 1 - - - - - - - + - +
 OXA-48 E. coli 1 + + - - + - + + - +
K. pneumoniae 1 + + - NI + - + + - +
 VIM-1 E. coli 1 + + - + + - + + - +
K. pneumoniae 1 + + - + + + - + + -
+, color change from red to yellow/orange; -, no color change; H, hydrolysis of HMRZ-86; NH, no hydrolysis of HMRZ-86; NI, non interpretable (color change to orange) 
*An overall positive Rapid ESBL NDP test corresponds to a positive result for CTX hydrolysis and a negative result when tazobactam is added. 
aIT; interpretation of the test 
bThe ß-Lacta test is aimed to detect the activity of all broad-spectrum cephalosporinases 
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Shaded symbols highlight the non-expected results 
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TABLE 3. Diagnostic parameters of the different tests* 
Diagnostic test parameters Rapid ESBL NDP test ȕ-Lacta test Rapid ESBL Screen Kit 30 min Rapid ESBL Screen Kit 2 h 
Sensitivity CTX-M type ESBL 100% 91.4% 82.8% 94.3% 
Sensitivity non CTX-M type ESBL 88% 84% 72% 88.0% 
Global sensitivity ESBL 95.0% 88.0% 80% 91.7% 
Global specifity 100% 70.8% 87% 83% 
*Values are calculated for specific detection of ESBL producers 
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